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norms in childrenAbstract Objective: To standardize the results of vestibular evoked myogenic potentials
(VEMPS) in young children.
Methodology: The study group consisted of thirty-two children, their age ranged between 3 and
12 years with no history of systemic or local inner ear disorder and not suffering from either
vestibular or musculo-skeletal disorder. Full neuro-otological history was taken followed by audi-
ological evaluation. VEMP was recorded from the sternomastoid muscle, using alternating acoustic
clicks presented at 90 dB nHL, at a rate of 5 Hz, analysis time was 50 ms. Two hundred sweeps were
collected, ampliﬁed and recorded with band pass ﬁlter of 10 Hz to 1.5 kHz.
Results: VEMP was recorded in all children waves. PI and NI were identiﬁed in all children while
PII andNII were identiﬁed in 10.7% only. Difﬁculties were met while trying to evaluate younger ones
less than 5 years as they were restless when they were evaluated with sedation, this resulted in the
absence of response due to reduced muscle tone. Differences in latencies and amplitudes should be
considered as latencies were shorter and amplitudes were lesser than those obtained in adults.
Conclusion: VEMP could be applied as a complementary test to evaluate saccular and inferior ves-
tibular nerve function in children.
ª 2014 Egyptian Society of Ear, Nose, Throat and Allied Sciences. Production and hosting by Elsevier
B.V. All rights reserved.1. Introduction
Dizziness is commonly encountered in pediatric population.
Yet, the diagnosis is quite challenging. Unlike adults, the most
common presentation of peripheral vestibular dysfunction isdelayed motor milestones and loss of postural control. Mean-
while children have limited ability for oral communication to
express their complaint.1
As a matter of fact, most of the vestibular function tests
applied assess only the function of the horizontal semicircular
canals. The caloric test which is the gold standard in adults
and can localize the side of lesion may lead to severe nausea
and vomiting and possibly airway reﬂexes in children. On the
contrary, the rotary chair which is considered the gold standard
in diagnosing pediatric population cannot localize the laterality
of vestibular lesion together with the inability of some childrened.
Figure 1 Electrode montage and child’s position during
recording.
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test.2
On the other hand, VEMP which is mediated via the vestib-
ulo-collic reﬂex assesses the saccular and the inferior vestibular
nerve function. VEMPwhich is an objective and feasible test can
also be utilized to determine the laterality of vestibular lesion.3
In the last decade VEMP has been extensively studied in
adults, yet in young childen the expected test values and the
effect of developmental changes on its parameters have not
been investigated. Accordingly this study was conducted to
assess the reliability of VEMP and to establish its normative
data in order to be included as a complementary test to the
routine vestibular function tests in pediatric population.
1.1. Aim of the work
1- To study the reproducibility of VEMP in children.
2- To establish normative data for children as regards
latencies and amplitudes.Figure 2 VEMP results of 5 4/12 year old child in Rt and Lt
ears.1.2. Methodology
1.2.1. Subjects
The study group consisted of thirty-two children, their age ran-
ged between 3 and 12 years with following inclusion criteria:
No history of systemic or local ear disease with no history
of acoustic or physical trauma or intake of ototoxic drugs. No
complaint of dizziness or history of vestibular disorders. Nor-
mal peripheral hearing with normal middle ear function. No
neurological or musculo-skeletal disorder.
2. Methods
All children were subjected to the following:
ENT examination with emphasis on otological and head
and neck examination. Basic audiological evaluation was done
using Two channel Audiometer, Madsen, model Orbiter 922 in
the form of Pure Tone Audiometry in which play audiometry
or voluntary thresholds were performed according to the
child’s age at frequencies from 0.25 to 8 kHz while bone con-
duction thresholds were tested from 0.5 to 4 kHz. Speech
Audiometry was performed in the form of speech reception
thresholds (SRT) using Arabic spondee words and word dis-
crimination test using Arabic bisyllabic and monosyllabic
words (PBKG) for children. Finally immittancemetry was
done including both tympanometry and acoustic reﬂex thresh-
olds using Interacoustics, Model AZ7.
Meanwhile, VEMP was conducted from the sternomastoid
muscle using 2 channel evoked potential system Biologic Navi-
gator. Surface active electrode was placed over the sternomas-
toid muscle on one side, while the reference electrode was
placed on the middle of anterior surface of the clavicle. While
a forehead electrode was used as ground. The children were
instructed to rotate their heads to the opposite side of the stim-
ulated ear to produce active muscle contraction (Fig. 1). The
parameters utilized were two hundred stimuli presented at
90 dB nHL using alternating acoustic clicks at a rate of 5 Hz,
analysis time was 50 ms, the responses were ampliﬁed and
recorded with band pass ﬁlter of 10 Hz to 1.5 kHz, respectively.
Chloral hydrate syrup was given for sedation whenever
recording of VEMP was impossible while child is awake afterinforming the parents a dose of 25 mg/kg was given. Yet,
VEMP could not be recorded from any of the sedated children
accordingly the age group 3–5 years was excluded from the
study. At least two consecutive averages were recorded from
each side to verify reproducibility. For latency the peak of
PI (ﬁrst positive deﬂection) and NII (ﬁrst negative deﬂection)
was measured. The amplitude was measured from the maxi-
mum positive deﬂection to the following maximum negative
deﬂection (Fig. 2). The obtained data was analyzed using
SPS system. Description of all data I the form of mean, stan-
dard deviation and range was also performed. The 95% conﬁ-
dence limit (mean + 1.96 standard deviation was also
calculated. The effect of age and gender was studied through
one way ANOVA.
3. Results
Thirty-two children participated in this study. Their age ran-
ged between 3 and 12 years. They were 18 females and 14
males. It was impossible to record VEMP under the age of
3 years as young children were agitated once they lied in bed
Table 1 Peak latencies in msec and amplitudes of NI and PII
in microvolts. The 95 conﬁdence limit was calculated and was
used as a cutoff limit for the normal values throughout the
study.
Latencies Amplitude
PI NII PI–NII
Mean 11.5 18.4 14.2
SD 0.5 0.78 1.8
95 % conﬁdence 10.4–12.5 16.9–19.9 10.7–17.7
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became restless and refused to put the headphones. Trials to
record VEMP under chloral hydrate syrup failed as sternomas-
toid muscle was relaxed and the response was unclear.
The study group was further divided into 3 subgroups
according to the age. Subgroup 1 had 8 subjects, their age ran-
ged between 5 and 67 years (3 males and 5 females). Subgroup
2 had 10 subjects (5 males and 5 females) their age ranged
between 7 and 69 years. Finally the last subgroup also had
10 subjects their age ranged between 9 to 12 years (5 males
and 5 females). Audiological evaluation revealed that all chil-
dren have normal peripheral hearing. Waves PI and NII were
identiﬁed in all children. On the contrary waves PIII and NIV
were identiﬁed in 10.7% of children. There was no signiﬁcant
difference between Rt and Lt sides as regards latencies and
amplitudes so results were grouped together.Table 2 The effect of gender on VEMP latencies and amplitude.
PI latency NII laten
F M F
Mean 11.4 11.5 18.2
SD 0.55 0.53 0.78
Range 10.1–13.1 10–13 15.6–21.
P value 0.5 0.5
This table shows that there is no signiﬁcant difference between males a
amplitudes than males.
Table 3 Effect of age on VEMP latencies and amplitude.
PI latency NII latenc
Sub (G1) Sub (G2) Sub (G3) Sub (G1)
Mean 10.3 11.5 12.5 16.1
SD 0.54 0.5 0.55 0.78
95% conﬁdence 10.4–11.5 10.5–12.5 11.2–13.4 14.6–17.7
This table shows that latencies are prolonged and amplitude is increased
Table 4 Analysis of variance (ANOVA) for PI and NII wave laten
PI latency
Age Gender Age · ge
Df 2 1 2
Mean square 5.2 0.01 0.1
f.Who 17.3 0.04 0.6
PrP f P 6 0.001*** 0.8 0.5
This table shows that effect of age was very highly signiﬁcant, while genTable 1 displays the mean and standard deviation of VEMP
latencies PI and NII in msec and amplitude of NI Pi complex
in microvolts in all children in the study group. It is apparent
that in this study the latencies were shorter and amplitudes
were lower than those recorded in adults. Meanwhile Table 2
reveals that no signiﬁcant difference was present between
males and females as regards latencies yet females showed
slightly higher amplitudes than males.
As regards the effect of age on VEMP results Table 3 shows
that latencies are prolonged and amplitude is increased with
increase in age. On the other hand, Tables 4 and 5 reveal that
the effect of age was very highly signiﬁcant, while gender had
no effect on VEMP latencies. Similarly, Tables 4 and 7 reveal
that the effect of age was very highly signiﬁcant, while gender
had no effect on VEMP amplitudes. Finally Tables 8 and 9
show no statistically signiﬁcant differences between Rt and
Lt ear as regards VEMP latencies or amplitudes.
4. Discussion
Dizziness is one of the most common symptoms encountered
in medical practice. In pediatric population diagnosis is extre-
mely challenging as they cannot express their complaint
together with the difﬁculties encountered in testing with basic
tools. In this study the usefulness of VEMP as an objective and
simple tool to assess dizziness in children were discussed.
In this study 32 patients were examined with age ranging
between 3 and 12 years. In case of children less than 5 yearscy PI–NII amplitude
M F M
18.4 14.3 13.6
0.77 1.8 1.7
5 15.9–22.3 9.9–17.2 10.8–18.7
0.5
nd females as regards latencies yet females showed slightly higher
y PI–NII amplitude
Sub (G2) Sub (G3) Sub (G1) Sub (G2) Sub (G3)
18.5 20.3 12.9 13.6 15.9
0.74 0.79 1.8 1.7 1.9
17–19.9 18.5–21.6 9.4–16.4 10.3–16.9 12.2–19.6
with increase in age.
cies.
NII latency
nder Age Gender Age · gender
2 1 2
20.5 0.2 0.4
33.5 0.3 0.7
P 6 0.001*** 0.5 0.5
der had no effect on VEMP latencies.
Table 5 Effect of age on VEMP wave latencies using the
Duncan multiple range test.
PI NII
Subgroup 1 10.5 A 16.2 A
Subgroup 2 11.5 B 18.5 B
Subgroup 3 12.3 C 20.1 C
This table shows signiﬁcant difference between the ﬁrst, second and
third subgroups in PI–NII wave latencies.
Table 6 Analysis of variance (ANOVA) for PI–NII wave
amplitudes.
PI–NII amplitude
Age Gender Age · gender
Df 2 1 2
Mean square 24.4 1.6 4.3
f.Who 6.8 0.4 1.2
PrP f P 6 0.0049** 0.5 0.3
This table shows that effect of age was very highly signiﬁcant, while
gender had no effect on VEMP amplitude.
Table 7 Effect of age on VEMP wave amplitude using the
Duncan multiple range test.
P I- NII
Subgroup 1 12.9 B
Subgroup 2 13.5 B
Subgroup 3 15.9 A
This table shows signiﬁcant difference between subgroup 3 and
other subgroups in PI–NII wave amplitude.
Table 8 Comparison of VEMP latencies in msec between Rt
and Lt ears.
PI NI
RT Lt RT Lt
Mean 11.3 11.6 18.2 18.6
SD 0.53 0.55 0.76 0.79
P value <0.5 <0.5
This table shows no statistically signiﬁcant difference in VEMP
latencies between Rt and Lt ears.
Table 9 Comparison of VEMP amplitudes in microvolts
between Rt and Lt ears.
PI-NI amplitude
RT Lt
Mean 14.3 14.6
SD 1.7 1.9
P value <0.5
This table shows no statistically signiﬁcant difference in VEMP
amplitudes between Rt and Lt ears.
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of them refused to place head phones. Trying to perform the
test with sedation with chloral hydrate syrup in a dose of
25 mg/kg resulted in the absence of VEMP waves. Nelson
(2004)4 reported that sedation results in loss of muscle tone
in case of trying to perform the test while sleeping. The muscles
also relax and VEMP morphology is altered. As regards to
older children some difﬁculties was met which was mainly
due to difﬁculty I maintaining prolonged contraction of ster-
nomastoid muscle and was partially solved by trying to pro-
vide audiovestibular stimulation to distract the child.
In this study reproducible unrectiﬁed VEMP tracing was
obtained from all children from either ear with no signiﬁcant
difference between ears either in latency or in amplitude upon
stimulation at 90 dB nHL using alternating clicks. Two com-
ponents were identiﬁed. The ﬁrst was the biphasic PI–NII
response which had 100% identiﬁability. On the contrary the
second component PII–NIV was identiﬁed only in 10.7%. Hal-
magi et al.5 reported that the late component is mostly of
cochlear origin and may not be recorded in normal subjects.
The effect of gender was minimal on PI and NII latencies
and amplitudes (Table 2). This is due to the fact that neural
conduction velocity is the same in both genders.
In the present study the mean of the initial positive peak PI
was obtained at 11.5 ms while that of the initial negative peak
NII was obtained at 18.4 ms. These values are signiﬁcantly
shorter than those of adults obtained by the study of Ghoneim
et al.6 to establish normative data in adults in the Audiology
Unit, Ain Shams University. Moreover classiﬁcation of the
children into 3 subgroups revealed a statistically signiﬁcant dif-
ference in latencies between the three subgroups as latencies
are elevated as age increases (Tables 3 and 4). This agrees with
the studies conducted by Sheykholesami et al.1 and Kelsh
et al.[2] as they reported similar ﬁndings.
The recording of shorter latencies in children is most likely
due to changes in dimensions of the head and neck in younger
children which make the recording electrodes closer to the gen-
erator sites resulting in shorter latencies. There is no signiﬁcant
effect of maturation on wave latencies as maturation of vestib-
ular nerve ﬁbers begins in the 20th fetal week and after birth
myelination proceeds rapidly within the brainstem and the cer-
ebellum and is completed nearly at the age of 2 years.7
As regards wave amplitudes the peak to peak amplitude
obtained was 14.2 microvolts. This value is signiﬁcantly less
than adult value which is 34 microvolts.6 Furthermore the
amplitudes obtained from the third subgroup (9–12 years)
were signiﬁcantly larger than the other subgroups (Tables 6
and 7). This could be explained on the basis of stronger tonic
EMG activity in adults than children. Moreover, the standard
deviation of wave amplitude was higher than that of latencies
reﬂecting the wide variability of amplitudes which is dependent
on tonic contraction of sternomastoid muscle. Moreover, the
latencies and amplitudes of PINII for children from 9–12 years
was less than adults. Yet on individual basis children between
11 to 12 showed latencies comparable to adult levels. These
were also reported by Gonzalez et al.8
No statistically signiﬁcant difference was detected between
the Rt and the Lt sides as regards PI NI latencies and peak
amplitudes (Tables 8 and 9), This agrees with Pasquilina et al.9
and Gonzalez et al.8
Accordingly from this study it could be concluded that
VEMP could be applied successfully to diagnose saccular and
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be recorded in all children, Moreover age matched norms were
established for children older than 5 years in this study addi-
tionally, in combination with other tests that evaluate Vestibu-
lo-ocular reﬂex (VOR) such as rotatory chair, full neuro-
otological history and ofﬁce examination, comprehensive
approach to evaluate a dizzy child could be reached. Yet difﬁ-
culties will be met while trying to evaluate younger children.
Differences in latencies and amplitudes should be considered
as latencies are shorter and amplitudes are lesser than those
obtained in adults. Moreover, there is insigniﬁcant difference
between Rt and Lt ears as regards latencies or amplitudes.
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